ABSTRACI'. Growth and nitrogen and energy balances pooled pasteurized human milk had a low protein retention but were studied with a combined technique of nutrient balance also a high rate of fat deposition. These data suggested that and indirect calorimetry measurement in two groups of protein, rather than energy, should be added to pooled human eight very low birth weight infants fed pooled pasteurized milk. human milk (HM) or cow's milk casein hydrolysate sup-
HM, pooled pasteurized human milk daltons and has a low free amino acid and fat content ( Table 2) . In practice 1 g of casein hydrolysate is mixed with 100 ml of HM-Pr, pooled pasteurized human supplemented pooled HM. This increases slightly the total energy content of with hydrolyzed cow's milk casein RQ, respiratory quotient HM (+ 4.3 kcal/dl) but changes the nonprotein energy content VOz, oxygen consumption (+ 0.14 kcalldl) very little. In the HM-Pr group the study was VC02, carbon dioxide production performed after at least 2 wk of full feeding with the protein-VLBW, very low birth weight supplemented milk. At the time of the study all infants were fed by nasogastric tube every 3 h and were growing steadily. Nutritional balance. The nutritional balance consisted of precise measurements of intakes and excreta over a 3-day period, during which the infant lay on a metabolic bed placed within an VLBW infants fed pooled pasteurized human milk have a incubator. This method has been previously reported (1, 8) . The growth rate and a nitrogen retention lower than those fed a approximate volume of milk needed for the entire study was preterm formula (1-5). Lower protein, urea, and hemoglobin pooled, carefully mixed, and an aliquot taken for chemical levels (6, 7) have also been reported in these infants suggesting analysis. The total amount of milk to be given was then measured that the protein content of pooled human milk is not adequate precisely and divided into "ready-to-feed" bottles. Syringes and for the VLBW infant. In a previous study (1) we have shown nasogastric tubes used for gavage feeding were kept for analysis that VLBW infants fed a preterm formula had adequate protein of the residue. Urine and stools were collected separately (1) and retention but a high rate of fat deposition, whereas those fed stored at -20" C until analysis. From aliquots of prepared milk, residue of milk, fecal homogenate, and urine, nitrogen was Received June 4, 1986; accepted December 9, 1986. determined according to the micro-Kjeldahl method. The fat Germany). The caloric values representing the energy from combustion of nutrients (9.3 kcal/g fat, 3.9 kcal/g carbohydrate, and 5.4 kcal/g protein) were used for calculations of the energy content of milks and losses. The amount of protein oxidized was calculated from urinary nitrogen output (the amount of nitrogen times 6.25) and a caloric value of 4.2 kcal/g was used for calculation of energy derived from protein oxidation because energy in urine derived from nitrogen metabolites (mainly urea) is equivalent to 1.2 kcal/g oxidized protein (10) . Indirect calorimetry measurements. During each balance study energy expenditure was measured using an open circuit system that allows continuous measurements of V02 and VC02. This technique uses a dual-channel paramagnetic O2 analyzer (Taylor Servomex OA 184) and an infrared COz analyzer (Beckman LB2) (1 I). V02, VC02, RQ, and metabolic rate were calculated as described by Jequier (12) . The accuracy of V02 measurement was checked by a nitrogen dilution test (13) and that of the respiratory quotient by combustion of butane which yields a quotient of 0.61. The infants were studied in their incubators within a thermoneutral environment (14) . Periods of continuous measurements, usually performed during the 2nd day of the balance study, varied from 6 to 15 hours (mean f SD = 8 + 2.5 h).
Anthropometry. Weight and length gain and head circumference growth during each study were calculated from measurements taken 2 days before the beginning and 2 days after the end of the nutrient balance (i.e. over a 7-day period).
Laboratory data. At the beginning of the 3-day nutritional balance, a capillary blood sample was taken just before a feed in the two groups and 30 min after the same feed in the HM-Pr group. Total serum protein, blood urea nitrogen, and acid-base status were determined by standard methods (SMA I1 Technicon Analyzer). Free amino acids were measured in a LKB 4150 amino acid analyzer with Norleucine as internal standard. Plasma was separated, deproteinized with 50% (w/v) sulfosalicylic acid, and stored at -20" C until analyzed.
Statistical analysis. The significance of differences between means was determined by the Student's t test. All values are means f SD.
RESULTS
During the study period there was no significant difference in weight, length, and head circumference gains between the two groups ( Table 1) .
As the volume of milk intake was slightly higher in the HM group, the total energy intake was similar in both groups ( Table  3 ). The protein intake was significantly higher in infants fed HMPr. There was no significant difference in the digestibility of fat, nitrogen, and energy ( Table 3 ). The amount of net protein (nitrogen x 6.25) oxidized, calculated from nitrogen urinary output, was 1.0 g/kg/day with HM-Pr as opposed to 0.49 g/kg/ day with HM. Nevertheless, nitrogen retention was 30% higher with HM-Pr than with HM. Casein hydrolysate supplementation resulted in significantly higher plasma concentration of essential and semiessential amino acids with the exception of cystine ( Energy absorbed was identical in both groups (Table 3) . Oxygen consumption was higher in the infants fed HM-Pr than in those fed HM (8.32 + 0.57 versus 6.92 f 0.80 ml/kg/day p < 0.005) but the respiratory quotient was similar (0.90 + 0.05 and 0.88 + 0.03, respectively). Energy expenditure was higher and energy storage lower in the group fed HM-Pr (Table 3) .
DISCUSSION
The aim of this study was to evaluate the effects of supplementation of pooled HM with cow's milk casein hydrolysate on the growth rate, nitrogen and energy balances, and weight gain composition. Growth rate. Weight, length, and head circumference gain was similar in both groups. However, the small number of infants and the short period of study do not allow us to draw definite conclusions. There are very few controlled studies (6, 7, 15) on the effects of human milk supplementation with protein alone on the growth of VLBW infants and their results are controversial. In a first study Ronnholm et al. (6) demonstrated no difference in any of the measurements of growth between two groups of infants fed pooled banked human milk supplemented or unsupplemented with human milk protein. In contrast in two more recent studies (7, 15 ) the same authors concluded that human milk protein supplementation improves the growth of VLBW infants fed human milk.
Nitrogen balance. The low nitrogen retention seen in our HM group has already been reported in other balance studies using pooled or pasteurized HM given at around 180 ml/kg/day (1, 16). The higher nitrogen intake of the HM-Pr group resulted in a significantly higher urinary nitrogen excretion; this is in agreement with studies which show that urinary nitrogen excretion is well correlated with nitrogen intake (8, 17) . Nevertheless, the nitrogen retention in the HM-Pr group was 30% higher than in the HM group (326 versus 252 mg/kg/day) and achieved the nitrogen accretion rate of a fetus of the same gestational age (320 mg/kg/day) (1 8, 19). Similar nitrogen retention has been found in infants fed their own mothers' milk (20, 21) . The higher nitrogen intake in the HM-Pr group was associated with higher prefeeding plasma amino acid concentrations. This is not surprising, as there is a well-known correlation between plasma amino acid levels and protein intake (22, 23) . Plasma amino acid levels taken immediately before a feed have been recommended for screening of any diet-induced, step-by-step accumulation of several amino acids, whereas postprandial amino acid measurements are a useful means of testing the infant's ability to handle amino acid loads in feeds (24) . Collection of blood by heel puncture can increase plasma amino acids concentrations by contamination of the specimen with skin surface amino acids (25) . This contamination is minimal in the premature infant and is reduced by washing and warming the skin (25) . However, in our two groups sample collection was identical. In both groups plasma amino acid levels taken before a feed are within the range of those reported in preterm infants either fed human milk supplemented with human milk protein (26) ( Table  4) or fed 200 ml/kg/day of fresh human milk (4). In the HM-Pr group the postprandial increment of the plasma amino acid concentration is comparable to those reported in infants of similar gestational age fed either human milk or formula (24) . The postprandial plasma amino acid levels are also below those reported in a fetus during the midtrimester of gestation (27, 28) and in the cord blood at birth (8, 29) . We can thus assume that the nitrogen intake of the HM-Pr group did not result in excessive plasma amino acid levels. Energy balance. Energy intake and energy absorbed were similar in both groups. Energy expenditure was higher in the infants fed HM-Pr than in those fed HM (57.9 versus 48.6 kcall kg/day) but was well within reported values for growing low birth weight infants ((1, 2 1, 30). Energy expenditure is related to weight, postnatal age, activity, thermal environment, growth rate (3 1-33), and composition of feeds (34) (35) (36) . In our study the only difference between the two groups was the higher nitrogen intake and retention. As protein synthesis is a main component of the metabolic rate, it is highly probable that the observed increase in energy expenditure was due to the higher nitrogen retention and possibly an increased protein turnover rate (35) .
Weight gain composition. Weight gain was not significantly different between the two groups. Assuming that nonprotein energy is eventually stored as fat (1, 30, 37), one can calculate that 2.4 g/kg/day (i.e. 4.3 g/day) is deposited in the HM-Pr group versus 4.1 f 0.8 g/kg/day (i.e. 6.9 g/day) in the HM group. This represents 14 and 27% of the weight gain, respectively (Fig.  1) . By comparison 14% of the weight gain (i.e. 4.3 g/day) is deposited as fat by the fetus of the same gestational age. Much higher fat storage than in utero has been reported in VLBW infants fed either formula (1, 30, 38) or human milk (1, 30). In infants fed their own mothers' milk (2 1) fat storage has been said to be 16% of the weight gain. However, in that study (21) a daily carbohydrate storage of 3 g/kg was not taken into account; if one assumes that all nonprotein energy is eventually deposited as fat (37) , fat storage would represent 23% of the weight gain (Fig. I) , which is similar to the results published by Whyte et al. (30) (Fig. 1) . Protein accretion was 2.02 g/kg/day or 12% of the weight gain in the HM-Pr group (Fig. 1 ) and 1.58 g/kg/day or 10% in the HM group. In utero the protein gain is around 2 g/ 46 1 kg/day or 14% of the weight gain (18, 19) . When protein retention is related to fat-free weight gain, the ratio is 14% in the HMPr group and 13.5% in the HM group, which is similar to that in utero (1 5%).
In conclusion, our data confirm that VLBW infants fed pooled HM have low nitrogen retention and high fat deposition compared to the fetus. Supplementation of pooled HM with cow's milk casein hydrolysate, without increasing energy intake, resulted in a better nitrogen retention, a higher energy expenditure, a lower fat deposition, and a weight gain composition similar to that in utero. This was achieved without metabolic imbalance.
